Abstract-In this paper, we propose an automatic mesh uneven faces of a mesh object can be gradually smoothed. An decomposition technique based on principal component analysis iterative process for nonlinear mesh smoothing can be defined (PCA) The above process is a dimensionality reduction procedure Surprisingly, we find that the projected data along the first because the vector y, which originally had k degrees of axis reveals the salient structures of the 3-D object. Therefore, freedom, is now approximated by a new vector t that only has using the first component axis as the search basis, we can m degrees of freedom. identify all the salient components of an arbitrary 3-D object.
mesh. The protrusion degree of a vertex and the vertex's 3-D Vnew < Void + (VOld)v (1) coordinates form a 4-D feature vector, which we use to represent where L(vold) is a displacement vector of Vold, and 8 is a userthe polygon mesh. Since a 3-D object is composed of a large defined ratio for each step that can control the rate of number of polygon meshes, we apply PCA to the set of 4-D convergence. A simple formula of L(v) can be defined by the feature vectors. We take the axes corresponding to the top three following umbrella operator, which approximates the principal components as the three axes of a new coordinate Laplacian operator: system and project the set of 4-D vectors onto the system.
(2) Surprisingly, the projected data along the first axis reveals the n salient structures of the 3-D object. Therefore, using the first component axis as the search basis, we can identify all the salient where v is a central vertex of N(v) , and N(v)={u1,u2, ,un} is parts of an arbitrary 3-D object.
the set of neighboring vertices of v.
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The goal of PCA transformation is to map vectors yn in a I. INTRODUCTION k-dimensional space onto vectors t in an m-dimensional space, In this work, we propose a systematic mesh decomposition where n=I,..., N and m<k. The vector y can be represented as approach that does not need any pre-defined thresholds, unlike follows: most decomposition algorithms. We combine the 3-D k coordinates and the protrusion degrees of the dual vertices of a y Z tiqi, The above process is a dimensionality reduction procedure Surprisingly, we find that the projected data along the first because the vector y, which originally had k degrees of axis reveals the salient structures of the 3-D object. Therefore, freedom, is now approximated by a new vector t that only has using the first component axis as the search basis, we can m degrees of freedom. identify all the salient components of an arbitrary 3-D object.
To obtain the best approximation of the vector y from the Then, we apply some Boolean operations to precisely separate data set, the error in the vector yn introduced by the the salient components of the 3-D object from its main body. 
, we need to normalize all the coordinate's salient parts, we observe the transformed data spread along the Therefore, the protrusion degree of a dual vertex v in first three principal axes. Fig. 1 shows a Dinopet in which the discrete form can be defined as follows [3] : first three principal axes have been PCA-transformed. It is k obvious that the transformed data points converge along the u(v) = yg(v,bi). area(Pi),
axis of the first principal component, denoted as SCR(:,1). i=1
Similar to a diffusion process, each salient component of the where bl, b2, ..., and bk are the base dual-vertices representing 3-D mesh can be obtained by using a simple neighborhood the base patches PI, P2, ... , and Pk, respectively; and k is the labeling method to search along the first principal component total number of base patches. In addition, area(P1) is the area from the local maximum to zero. The neighborhood labeling of the entire base patch and g(v,b1) denotes the geodesic process is described below. distance between a dual vertex v and a base vertex b1. Based on the characteristics of XNOR logic, we can find the common part between the main body (M) and the object (G), by using the following series of Boolean operations. Here, X"®" represents an "XNOR" operation and "" represents an "AND" operation. By setting the minimum value to zero, we can guarantee Asc. P C that a salient part and the main body of an object will be A A covered simultaneously. Fig. 2 shows the neighborhood labeling results of the Dinopet example in Fig. 1 (15) process. However, we found that the process labeled the main body of the object as well as its salient parts. To clearly
Substituting (14) into (15) developed a method to extract the main body from all the labeled neighborhoods. For simplicity, we use an object (G)
Similarly, PB and Pc are equal to A B C and A B.C composed of three salient parts (PA, PB, and Pc) and the main respectively. Using an extended version of (13), we can body (M) as an example to explain how our method works determine the main body of the Dinopet model from its six (Fig. 3) . Assume the light blue, light orange, and light yellow labeled salient parts (Fig. 2) (Fig. 6a) , a Horse (Fig. 6b) , a Big Cat (Fig. 6c ), RiEFERENCES and a Cactus (Fig. 6d) r r x i 1 X x t o S C m g S r 2 9 5
